The human macrophage sodium channel NaV1.5 regulates mycobacteria processing through organelle polarization and localized calcium oscillations.
Phagocytosis and intracellular processing of mycobacteria by macrophages are complex cellular processes that require spatial and temporal coordination of particle uptake, organelle movement, activation of signaling pathways, and channel-mediated ionic flux. Recent work demonstrated that human macrophage NaV1.5, an intracellular voltage-gated sodium channel expressed on late endosomes, enhances endosomal acidification and phagocytosis. Here, using bacillus Camille-Guerin (BCG) as a model of mycobacterial infection, we examined how this channel regulates phagocytosis and phagosome maturation in human macrophages. Knockdown of NaV1.5 reduced high capacity uptake of labeled BCG. BCG-containing, NaV1.5-expressing cells demonstrated localization of NaV1.5 and Rab-7 positive endosomes and mitochondria to periphagosome regions that was not observed in NaV1.5-deficient cells. Knockdown of the channel reduced the initial calcium response following bacterial challenge and prevented the generation of prolonged and localized calcium oscillations during phagosome maturation. Inhibition of the mitochondrial Na(+) /Ca(2+) exchanger also prevented prolonged calcium oscillations during phagosome maturation. These results suggest that NaV1.5 and mitochondrial-dependent calcium signaling regulate mycobacteria phagocytosis and phagosome maturation in human macrophages through spatial-temporal coordination of calcium signaling within a unique subcellular region.